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(57) Abstract 

Apparatus for controlling access comprises (a) a passage provided with a barrier 
having an open position and a closed position, (b) means for reading fare data, (c) 
means for monitoring the position of a plurality of passengers in the passage and to 
I provide corresponding signals, and (d) means for controlling the barrier in response to 
the fare data and the signals, and for associating the fare data with a given signal. The 
bamer includes a magnetic latch which can improve reliability. 
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APPARATUS FOR CONTROLLING ACCESS 

This invention relates to apparatus for controlling access. It relates particularly, 
though not exclusively, to a barrier for use in such apparatus. 

In a known apparatus of this type called the TAG-150 Automatic Gate (available from 
Takamisawa K.K. in Japan), sensing means comprising a plurality of horizontally spaced 
photoelectric sensors is provided to sense the presence of a person in a passage. A ticket 
reading means is placed adjacent the entrance to the passage. If a person approaches the 
barrier without having first presented a valid ticket to the reading means, the barrier is 
controlled to be in a closed condition which prevents access. Further sensors are provided to 
ensure that the barrier does not close if there is an obstruction at the barrier position, thereby 
increasing passenger safety. In general, such systems may operate in a normally open state (in 
which the passage is open until the barrier is placed into its closed condition when an invalid 
fare and a subject are sensed), or a normally closed state (in which the barrier is only placed 
into its open condition when a valid fare and a subject are sensed). 

A disadvantage with such systems is, however, that the throughput of people in such 
automatic gates is low. People tend to wait at the ticket reading station until the barrier has 
responded. This causes a queue at busy times or requires the owner of the access system to 
purchase many more gates than would be necessary if the throughput could be increased. If a 
second person without a valid ticket attempts to enter the passage whilst a first person is still 
in the passage the barrier can be activated, thus trapping the first person even although they 
are in possession of a valid ticket. If a second person with a valid ticket attempts to enter the 
passage whilst a first person is in the passage, they often find that the ticket reading machine 
will not accept their ticket immediately because the previous person's ticket is still present in 
the reading system or has not been removed from the outlet port of the ticket reading system. 
These disadvantages tend to reduce throughput of the access system resulting in queues with 
concomitant safety and ticket security problems. 

Improved apparatus to overcome these problems has been disclosed in GB 1,207,263, 
GB 1,245,189 and GB 1,263,542. The barriers described in these documents use electric 
motors and conventional mechanical latches to keep the barriers in a closed condition to 
prevent access. Such a solution includes many moving parts which suffer from friction and 
consequently wear and require periodic maintenance. 

According to the invention there is provided a barrier for use in apparatus for 
controlling access, the barrier comprising a first member and a second member, the members 
being coupled to one another, the first member being adapted for inhibiting access to a 
passage, the second member having a surface comprising a ferromagnetic material for 
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cooperating with control means including an electromagnet for holding the barrier in an open 
or closed condition. Preferably the members are both coupled to a pivotable shaft. 

The barrier conveniently comprises one or more members which extend into the 
passage to a greater extent when the barrier is in the closed condition than when the barrier is 
in the open condition. The one or more members are advantageously pivotable about an axis 
in a plane substantially parallel to the direction of access. 

The apparatus conveniendy comprises a means for reading fare or toll data at both 
ends of the passage such that access in either direction along the passage may be controlled. 
Preferably the apparatus further comprises means to change the allowed direction of access 
from one way to the opposite way. In this example the apparatus advantageously comprises a 
pair of barriers spaced apart along the passage and each being arranged adjacent an end of the 
passage. 

Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying diagrammatic drawings in which :- 

Figure 1 shows a side elevation of apparatus according to one embodiment of the invention, 
Figure 2 shows a plan view of a plurality of passages arranged side by side, each having a side 
as shown in Figure 1, 

Figure 3 shows a barrier according to one embodiment of the invention, 
Figure 4 shows a flow diagram of a method of controlling access. 

Figure 2 shows a plan view of one example of apparatus according to the invention. 
The apparatus for controlling access comprises a passage (1) having a barrier (2, 3) 
controllable into an open condition and a closed condition, and means (4) for reading fare or 
toll data. The passage is formed between two side assemblies (5, 6). 

The side assemblies are as shown in side elevation in Figure 1. Each side assembly 
includes sensing means (1 1 - 26) for sensing the position of a plurality of subjects in the 
passage and providing corresponding signals. In the present example the sensing means 
comprises twenty sensor pairs, each pair comprising a transmitter (for example a light source) 
on one side of the passage and a receiver (for example a photoelectric cell detector for 
detecting light emitted by the light source) on the other side of the passage. Only one member 
of each pair is shown in Figure 1. The sensing means operates by sensing a break in a beam of 
energy travelling between the transmitter and the receiver caused by a subject in the passage. 
In the present example the beam of energy is a beam of light, however other beams such as 
infra-red beams or ultrasonic beams may be used as an alternative. 

The apparatus further comprises means (in the present example a microcomputer 
system having a memory) for associating given data with a signal corresponding to a given 
subject, and means for controlling the barrier (in the present example an electric motor and 
electromagnet together with a micro-controller), such that in operation when the given data 
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associated with the signal corresponding to the given subject is invalid or absent, the barrier is 
controlled to be in the closed condition when the given subject approaches the barrier, thereby 
denying access to the given subject whilst allowing access to any other subject having a signal 
associated with valid data being in the passage between the given passenger and the barrier. 

Each sensor pair is positioned such that the beam of energy travels directly across the 
passage (in a direction approximately perpendicular to the direction of motion of the subjects) 
from the transmitter to the corresponding receiver. For the present we will only consider 
subjects entering the passage from one direction, and we shall call one end of the passage (27) 
the entrance, and the other end of the passage (28) the exit The software operating the 
apparatus is arranged such that a new subject is only recognized at the entrance to the 
passage. Sensors pairs 11 and 13 (called the detection group) must both show an interrupted 
beam to denote a tall human subject. Signals from this sensor pair are immediately attributed 
to a new subject, and the information is stored in a memory location specific to the new 
subject. Signals arising from sensors not at the entrance to the passage do not result in a new 
subject being recognized. 

Once a new subject is recognized and a memory location associated with the new 
subject set aside, further signals caused by interrupted beams are attributed to that passenger if 
the signal is from a sensor pair adjacent the sensor pair already detecting the subject. There is 
no limit on the number of sensor pair signals that can be attributed to any one subject. This 
feature enables subjects carrying large pieces of luggage to be correctly sensed and monitored 
as they progress through the passage. If a signal cannot be attributed to an existing passenger, 
then the possibility of a new passenger is considered. A new subject is recognized if the 
detection group beams are interrupted and none of them can be attributed to an existing 
subject. For this condition to be true, sensor pair 14 must be cleared by all existing subjects in 
the passage before sensor pair 13 is interrupted by a new subject. This is because if an existing 
subject was attributed with interrupting sensor pair 14 whilst a new subject interrupts sensor 
pair 13, the signals would all be attributed to the existing subject on the basis that the sensor 
pair 14 is adjacent sensor pair 13. Thus the criterion for recognizing a new subject is an 
interruption in sensor pair 1 1 and 13 but not 14. 

Short human subjects are sensed in the same way as described above for tall subjects, 
but in this case the relevant sensor pairs in the detection group are 1 1, 12 and (not) 14. Note 
that if a short subject jumps over sensor pair 12, it is likely that sensor pair 13 will be 
interrupted instead so that the short subject will be recognized as a tall subject. If a short 
subject is recognized, then sensor pair 13 will be ignored and sensor pairs 1 1 and 14 will be 
deemed to be adjacent pairs. 

Once a new subject is recognized, its position in the passage is monitored as it 
interrupts sensor pairs and clears sensor pairs. Forward and/or backward motion will be 
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detected. Signals that cannot be reasonably attributed to an existing subject are ignored. This 
feature can be helpful if there are subjects in the passage who, for example, wave umbrellas or 
other items about as they move through the passage. Such a system of monitoring subjects in 
the passage also makes the segregation of various sensor pairs into different sensing "zones" 
as is performed in some systems unnecessary. 

The sensor pairs need not necessarily comprise a transmitter on one side and a receiver 
on the other side of the passage. The transmitter and receiver may be located next to one 
another on the same side of the passage together with a surface which reflects the radiation 
beam on the other side of the passage so that the beam is transmitted from the transmitter 
across the passage, then reflected from the reflective surface back across the passage to be 
received by the receiver. 

To ensure passenger safety, the following measures are taken :- 

a) A given barrier is never moved if any sensors in the sensor group 12 and 26 or 
sensor group 23 and 25 associated with the given barrier are being interrupted. In the 
present example the sensor groups 25 and 26 each comprise three sensor pairs whose 
outputs are commoned together. 

b) If an object is seen to interrupt sensor groups 23 and 25 together or 12 and 26 
together without interrupting any other sensors it is assumed that there is a small child 
in the aisle. In this case no attempt will be made to close any set of doors until one tall 
subject has been tracked right along the passage or to the exit barrier if this is closed. 

c) If a valid subject apparently disappears in the middle of the passage (for example if 
he kneels down, or if a bag was falsely detected as a passenger) the apparatus is re- 
credited so that the barriers will not close in close proximity to him in normally closed 
mode, or if an invalid subject enters the passage behind him. (This measure also 
ensures that such a passenger will not lose the payment and be prevented from 
passing). 

In operation, when a new passenger is detected a check is made to see if a valid ticket 
or card has been presented. If so the passenger shall be allowed to pass unhindered. 
Otherwise, alarms are activated and the barrier or barriers at the other end of the passage are 
closed as soon as possible when this will not compromise safety or prevent valid passengers 
already in the passage from passing. In the present example the alarms cease and the doors 
are opened again (if being operated in normally open mode) when the invalid subject leaves 
the passage. If the invalid subject disappears in the middle of the passage the barrier will 
remain closed until a valid ticket is presented or a time period has elapsed. In normally closed 
mode, the barriers are closed again when there are no ticket credits left and all valid subjects 
have passed through the passage. They are also closed in normally open mode when there is 
an invalid subject in the passage and all valid subjects have left the passage. 
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When a passenger is in a position to retrieve his ticket it is important to make it 
difficult for him to take the ticket of any passenger following him. In the present example this 
is achieved in the following way. When a ticket is captured by the apparatus or retrieved by a 
subject, the next ticket will not be returned until the following conditions are satisfied:- 

a) AD other valid passengers have moved passed a collection zone (for example, 
passed sensor pairs 1 1-16 in the present example) 

b) The new passenger owning the ticket to be returned has entered the passage 
or, 

c) A time period has elapsed (regardless of passenger positions). 

The system usually operates in what is known as a "normally open" mode in which the 
barrier is in its open condition unless a subject associated with absent or invalid data 
approaches the barrier. The apparatus may also be used in a "normally closed" mode in which 
the barrier remains in its closed condition unless a subject associated with valid data 
approaches the barrier. When operating in either mode the access system can be set to either 
allow subjects from only one direction to obtain access or to allow access to subjects from 
either direction depending upon which subject is sensed by the system first. The former mode 
of operation is sometimes called the "unidirectional" mode whilst the latter mode of operation 
is sometimes known as the "bi-directional" mode. 

Although a barrier which does not obstruct the passage when it is in its open condition 
has been described in the above description, a turnstile or other barrier which always obstructs 
the passage to some extent may be used as an alternative (although in this case the advantage 
of greater throughput will not be so apparent). 

The barrier shown in Figure 3 is particularly advantageous for use in the above 
apparatus. In Figure 3 the barrier comprises a first member (31) and a second member (32), 
the members being coupled to one another on opposite sides of a pivot (33), the first member 
(31) is constructed and arranged to inhibit access to a passage, the second member (32) having 
a surface (34) comprising a ferromagnetic material for cooperating with control means 
including an electromagnet (not shown) to hold the barrier in an open or closed condition. In 
the example shown in this figure the members are both coupled to a pivotable shaft (33) which 
rotates about an axis of rotation (35). In this example the axis of rotation is coaxial with the 
shaft, but other axes of rotation may be used as an alternative. For example the shaft may be 
pivotable in the plane of the axis of the shaft with an axis of rotation normal to the axis of the 
shaft and the two members being coupled to either end of the shaft. 

The first member (31) is padded so that if a passenger runs into the barrier when it is in 
a closed condition the passenger is not badly injured. The size of the ferromagnetic surface 
and the strength of the electromagnet is arranged such that a force of approximately 1100 
Newton must be used to open the barrier when it is in its closed condition. The choice of this 
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"release" force depends upon a number of factors. Firstly, if there is an emergency and a 
crowd of people are pushed against the barrier the release force must be set sufficiendy low to 
prevent injury to passengers by crushing. However, the release force must not be too low or a 
strong passenger wanting to avoid paying a fare or toll could just push their way through the 
barrier. With the present barrier it is easy to set and change this force simply by changing the 
electric current flowing to the electromagnet. Release forces in the range 700 - 2000 Newton 
may typically be employed. The force may be partly mechanical in addition to 
electromagnetic, for example by employing rolling element bearings which have to be forced 
out of locating cups into which they are biased (by for example a strong spring), or other 
mechanical systems commonly used in such barrier systems. 

The main advantage of the present barrier over the prior art devices which use an 
electric motor arrangement is that there is a minimum of moving parts resulting in much lower 
wear and lower maintenance and replacement part costs. The barrier of the present invention 
includes a magnetic latch. In the present examples, the barrier moves towards the subject 
when it closes, although other directions of movement may be employed if desired. To 
improve safety it is advisable to have a mechanical break set at a similar force as that of the 
electromagnetic break so that if there is a crush of people wanting to enter the passage in the 
opposite way to that for which it is set up the barrier will move before injury occurs. It is also 
wise to have a battery backup for such systems so that the barrier may be controlled to be in 
an open condition if there is a power failure in addition to an emergency. 

Figure 4 shows a flow diagram of a method of controlling access by a subject from a 
first region to a second region via a passage having a barrier. In this flow diagram of one 
example of a method according to the invention the numbered blocks correspond to steps in 
the method. The blocks have the following significances. Block 40 denotes reading fare or 
toll data from a given subject Block 41 denotes deciding if the data is valid or invalid. The 
next block (42) denotes storing a credit in a memory if the data is valid. Block 43 denotes 
sensing the presence and position of the given subject and providing at least one sensing signal 
as the given subject moves through the passage, thereby providing information on the position 
of the given subject in the passage with time. Block 44 denotes associating the credit or lack 
of a credit with the position of the given subject in the passage. Block 45 denotes controlling 
the barrier to substantially prevent access through the passage by the given subject when a lack 
of a credit is in association with the position of the given subject whilst allowing access by any 
other subject being in association with valid data and being in the passage between the given 
subject and the barrier. 
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CLAIMS 

1. A barrier for use in apparatus for controlling access, the barrier comprising a first 
member and a second member, the members being coupled to one another, the first 
member being adapted for inhibiting access to a passage, the second member having a 
surface comprising a ferromagnetic material for cooperating with control means 
including an electromagnet for holding the barrier in an open or closed condition. 

I. A barrier as claimed in claim 1 in which the members are both coupled to a pivotable 
shaft. 

i. A barrier as claimed in claim 2 in which the shaft is axially rotatable. 

I. Apparatus for controlling access comprising a) a passage having a barrier as claimed in 
any preceding claim controllable into an open condition and a closed condition, b) 
means for reading fare or toll data, c) sensing means for sensing the position of a 
plurality of subjects in the passage and providing corresponding signals, d) means for 
associating given fare or toll data with one or more signals corresponding to a given 
subject, and e) means for controlling the barrier, such that in use when the given fare 
or toll data corresponding to the given subject is invalid or absent, the barrier is 
controlled to be in the closed condition when the given subject approaches the barrier, 
thereby denying access to the given subject whilst allowing access to any other subject 
being in the passage between the given passenger and the barrier. 
Apparatus as claimed in claim 4 in which the means for reading fare or toll data 
consists of a money collection system, and the data comprises at least one of the group 
including; a credit card, a smart card, one or more coins and/or banknotes. 
Apparatus as claimed in claim 4 in which the means for reading fare or toll data 
consists of a ticket reading system, and the data comprises an encoded ticket or card. 
Apparatus as claimed in claim 4 constructed and arranged such that the subject retains 
possession of the ticket or card whilst it is being read and/or written to. 
Apparatus as claimed in claim 4 in which the barrier comprises one or more members 
which extend into the passage to a greater extent when the barrier is in the closed 
condition than when the barrier is in the open condition. 

Apparatus as claimed in claim 8 in which the one or more members are pivotable about 
an axis in a plane substantially parallel to the direction of access. 
I Apparatus as claimed in claim 4 - 9 in which the apparatus includes a battery for 
supplying electrical power in an emergency. 
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